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Abstract

Aim More than one-third of inguinal hernias are asymptomatic, and performing surgery in the absence or presence of mild
symptoms remains a point of concern for many surgeons. This study aims to evaluate whether watchful waiting (WW) is a
viable management strategy for asymptomatic and mildly symptomatic inguinal hernias by comparing its outcomes to early
surgical repair. To broaden the scope of existing evidence, we included both recent randomized controlled trials and obser-
vational studies.

Material and methods PubMed, Cochrane Central, and EMBASE were searched for studies comparing early repair and
WW in patients with asymptomatic or mildly symptomatic inguinal hernias. The primary outcomes assessed were the rate of
crossover from WW to surgery, reasons for crossover, and the presence of pain in both groups. Secondary outcomes included
quality of life (QoL) and hernia recurrence. A Kaplan—Meier failure function curve was constructed to estimate time from
study enrollment to crossover.

Results Among 619 screened studies, 12 met the inclusion criteria, covering 1,755 patients (748 (42.6%) in early surgical
intervention and 1,007 [57.4%] in the WW). Among WW patients, 477 (27.1%) eventually crossed over to surgery, with
crossover rates ranging from 6.1% (Patti 2014) to 75.4% (Chung 2011). Approximately 50% of WW patients required
surgery within five years. The most reported reason for crossover was pain (65%), followed by impaired quality of life
(16%), bowel-related symptoms such as incarceration or strangulation (8.5%), hernia volume progression (3%), and other or
unspecified causes (7.5%). Pain was the most consistent patient-specific predictor of crossover to surgery.

Conclusion WW appears to be a viable and safe approach with low complications rates for patients with asymptomatic
inguinal hernias. However, long-term data show that approximately 50% of patients cross over to surgery within five years,
and this proportion exceeds 96% by 12 years. Ultimately, the decision between WW and early surgical intervention should
be guided by shared decision-making, considering patient values, symptom burden, comorbidities, and life expectancy.
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BMI Body Mass Index

VAS Visual Analogue Scale
NRS Numeric Rating Scale
PCS Physical Component Score
QoL Quality of Life
Introduction

Inguinal hernia (IH) is a prevalent condition, with over
800,000 surgeries performed annually [1]. The diagnosis of
inguinal hernia has been rising in recent years, likely due
to the increased use of imaging studies [2]. Surgeons are
trained to surgically correct inguinal hernias, even in cases
that are asymptomatic or mildly symptomatic, to prevent
potential complications such as incarceration or strangu-
lation. These complications can place patients at risk for
emergency surgery, which may result in serious adverse
outcomes [2, 3].

However, the necessity of surgery in asymptomatic
patients remains a topic of debate, as the procedure itself
could lead to postoperative chronic pain and, in addition,
potentially avoidable complications and expenses [2, 4]. For
this reason, watchful waiting (WW) has been considered as
an alternative. Although the risk of acute complications in
inguinal hernias is low, it remains important to acknowledge
that such complications can still occur [5].

Given the significance of this condition and the ongo-
ing debate about its optimal management, this study aims to
evaluate whether early surgical intervention is necessary for
these patients, or if a watchful waiting approach could be
a viable option until symptoms become more pronounced,
thereby requiring surgical correction.

Methods

This systematic review was performed in accordance with
the Preferred Reporting Items for Systematic Review and
Meta-Analyses (PRISMA) Statement and recommenda-
tions from Cochrane Collaboration Handbook for System-
atic Reviews of Interventions [6]. Our research protocol was
retrospectively registered in the International Prospective
Register of Systematic Reviews (PROSPERO) on June 10,
2025 (ID CRD420251008561).

Eligibility criteria
We included studies that met all the following eligibil-
ity criteria: (1) observational, retrospective or prospec-

tive studies or randomized controlled trial studies; (2)
patients aged> 18 years old with asymptomatic or mildly
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symptomatic inguinal hernias. Mildly symptomatic ingui-
nal hernia was defined as mild pain or discomfort due to the
hernia when working and exercising that does not prevent
a patient from performing his usual activities; (3) patients
undergoing either WW or surgery — defined as elective hernia
repair performed soon after diagnosis, using a tension-free
technique. We excluded studies with any of the following
conditions: (1) inappropriate study population (e.g., signifi-
cant symptomatic inguinal hernias) or studies involving chil-
dren/adolescents; (2) conference abstracts; or (3) systematic
reviews, case reports, letter to the editors and case series.

Search strategy and data extraction

Two authors (E.F and T.S.) independently and systematically
searched PubMed, Embase, Cochrane Library from incep-
tion to March 2025. The following terms were used without
filters or publication date: (‘inguinal hernia' OR 'hernia' OR
'herniorrhaphy') AND (‘asymptomatic disease' OR 'watchful
waiting'). References from all included studies and previous
systematic reviews were also manually searched for addi-
tional studies. Any conflicts were resolved through consen-
sus among the authors, with a third author (M.E.) involved
in the decision-making process. Language restrictions were
applied to English, Spanish and Portuguese, articles in lan-
guages other than these three were excluded from our analy-
sis. Data extraction was performed by two authors (M.E.
and T.S.) from the selected studies. When numerical data
were not explicitly reported in the text or tables, values were
extracted from graphs using WebPlotDigitizer (version v5;
https://automeris.io/).

Endpoints

The primary outcome was the cumulative crossover rate to
herniorrhaphy among patients initially managed with WW,
as well as the reported reasons for crossover. Secondary
outcomes included recurrence rates, pain levels, and qual-
ity of life comparisons between surgery and WW groups.
Pain assessments were extracted either qualitatively—when
described as the primary reason for crossover—or through
standardized instruments such as the Visual Analogue Scale
(VAS), Numeric Rating Scale (NRS), patient-reported ordi-
nal scales (ranging from 1 to 4), or the Physical Compo-
nent Score (PCS) of the SF-36 questionnaire. Extracted data
included cohort characteristics (author, year of publication,
country, study design); number of participants (total and
by treatment arm); age and age cutoffs; body mass index
(BMI); surgical approach; follow-up duration; hernia char-
acteristics (unilateral or bilateral, primary or recurrent); pain
assessments; intraoperative, perioperative, and postopera-
tive complications; and mortality.
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Quality assessment

We assessed the risk of bias in non-randomized studies
using the Cochrane Risk of Bias in Non-Randomized Stud-
ies of Interventions (ROBINS-I) [7] tool, rating each study
as having low, moderate, serious, or critical risk of bias in
7 domains: confounding, selection of participants, classifi-
cation of interventions, deviations from intended interven-
tions, missing data, outcome measurement, and selection
of the reported result. For randomized trials, we applied
the Cochrane Risk of Bias 2 (ROB 2) [8] tool, which cov-
ers 5 domains: the randomization process, deviations from
intended interventions, missing outcome data, outcome
measurement, and selection of the reported result. Each trial
was classified as having low risk, some concerns, or high
risk of bias. Two independent reviewers (E.F. and V.N.) con-
ducted the evaluations following the recommendations from
the Cochrane Handbook for Systematic Reviews of Inter-
ventions [9], and disagreements were resolved by consensus
with a third reviewer (M.E.).

Statistical analysis

To assess the cumulative proportion of patients undergo-
ing surgical repair over time, we generated a Kaplan—Meier
failure function curve using aggregated patient-level data
from the included studies. Survival time was defined as
the number of years from study enrollment to crossover to
surgery, with patients who did not undergo surgery by the
last follow-up considered censored. The cumulative inci-
dence of surgery was plotted as 1 — Kaplan—Meier survival
probability (i.e., failure function). The curve includes 95%
confidence intervals and displays the number of patients at
risk at yearly intervals along the x-axis. The analysis was
conducted using RStudio (version 4.2.2; R Foundation for
Statistical Computing, Vienna, Austria).

Results
Study selection and baseline characteristics

The initial systematic search yielded 618 results, of which
twelve studies met the inclusion criteria and were included
in the analysis. The PRISMA flowchart is shown in Fig. 1.
Of these studies, four were randomized controlled trials
(RCTs), four were secondary analyses from a single study,
three were long-term follow-ups of an original RCT, one
was a retrospective study, and two were prospective stud-
ies. A total of 1,755 patients were included: 1,007 in the
WW group and 748 in the surgical group. The mean age
across studies ranged from 62.8 years (SD 13.5), with age

cutoffs for inclusion ranging from 18 to 80 years. Most
participants were male (97.4%, n=1,709), and only three
studies included female patients, representing 2.6% (n=46)
of the overall cohort. The most performed surgical tech-
nique was the Lichtenstein repair, followed by laparoscopic
TAPP and TEP. The duration of follow-up varied from 6 to
108 months. The characteristics of the included studies are
presented in Table 1.

Most patients had unilateral hernias: 90.1% in the WW
group and 92.1% in the surgical group. Primary inguinal
hernias were reported in 94.3% of patients in the WW group
and 93.7% in the surgical group. Reporting of intraoperative
and perioperative complications was inconsistent across
studies. Postoperative complications were reported in three
studies for the WW group, with rates ranging from 1.2%
to 25%, and in four studies for the surgery group, ranging
from 0% to 11.2%. Mortality secondary to inguinal her-
nia was reported in four studies. In the WW group, three
studies reported no hernia-related deaths, while one study
Aktimur et al. [10] reported a mortality rate of 5.4%, which
the authors attributed to a distinct patient population char-
acterized by advanced age (>80 years), significant comor-
bidities, delayed presentation, and the unavailability of local
anesthesia. In the surgery group, three studies also reported
zero hernia-related mortality, whereas one study O'Dwyer et
al. [11] reported a mortality rate of 1.2%. These findings are
summarized in Table 2.

Quality assessment

The overall risk of bias for the four randomized trials
included two rated as low risk and two with some concerns,
primarily related to the randomization process, deviations
from intended interventions, or outcome measurement.
Among the three non-randomized studies, one was judged
to have a moderate overall risk of bias, while two were rated
as having a critical risk. In both cases, the critical risk was
essentially due to confounding factors that were not ade-
quately addressed. The full risk of bias assessment is pre-
sented in Fig. 2.

Outcomes
Crossover rate

The primary outcome of this study was the rate of cross-
over from WW to surgical intervention. Crossover data
were reported in seven studies. Among these, three were
long-term follow-up analyses of previously published ran-
domized controlled trials; therefore, data from the extended
follow-up studies were extracted instead of their original
RCT counterparts to better capture long-term outcomes.
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Fig. 1 PRISMA flow diagram of study screening
and selection

PubMed search: 119 results

Embase search: 577 results

Cochrane search: 1 result

— Duplicate reports excluded (n = 78)

Reports screened: 619 results

—1 Excluded by title/abstract (n = 594)

Full-text reviewed: 25 studies

Cumulative crossover rates were reported annually. One
study Patti et al. [12] was excluded from the cumulative
analysis due to its limited follow-up duration of only six
months, which precluded inclusion in the annual analysis.

The cumulative proportion of patients undergoing surgery
over time is illustrated in Fig. 3. At one year, approximately
14% of patients had crossed over to surgery, increasing to
24% by year two. By five years, around 50% of patients
had undergone surgical intervention, and by year twelve,
the cumulative crossover rate reached an estimated 96.3%
among patients initially managed with watchful waiting.

The analysis included 894 patients at baseline in the Kaplan—
Meier model, slightly fewer than the total 1007 patients origi-
nally assigned to the WW group. This discrepancy reflects
incomplete or unreported time-to-event data in some studies,
which limited their inclusion in the cumulative survival model.
Over the follow-up period, the number at risk declined due to
crossover and loss to follow-up (e.g., 598 at year 1, 308 at year
4, and 42 at year 12). The curve includes 95% confidence inter-
vals, which remained relatively narrow throughout the follow-
up period, indicating precision in the cumulative estimates.
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— Different Methodology (n = 10)

— Full text not available (n = 02)

— Language (n = 01)

12 included studies

A total of 477 crossover events were recorded from stud-
ies that reported reasons for surgery. Among these, the most
common reason was pain (65%), followed by impaired qual-
ity of life (16%), bowel-related symptoms such as incar-
ceration or strangulation (8.5%), hernia volume progression
(3%), and other or unspecified causes (7.5%). These find-
ings are summarized in Table 3.

Recurrence, pain, and quality of life

Three studies reported data on hernia recurrence (Fitzgib-
bons et al. [13], de Goede et al. 2017 [18], and Aktimur et
al. [10]). The first two were RCTs, while the third was a
retrospective observational study that primarily included
elderly patients with distinct baseline characteristics. Due to
methodological differences and population heterogeneity—
particularly the inclusion of non-randomized data in only
one study—only the two RCTs were deemed comparable.
As a result, the available data were insufficient to support
a robust pooled meta-analysis on recurrence, and findings
were instead summarized narratively.



19

Page 5 of 11

19

(2026) 30

Hernia

dn-mofjoj suoydo|a) 10J S[qe[IBAR SIUANE] ¢ SUBIPIN

QJr1jo Anpend) 700 ‘o[qedtdde 10u—:a[qe|ieA. JON p/A “BUNIEA [NJUIIEA MM

)l IOA0SSOI))
UONORJSIIES JUANR

100 dar  «(8dLE) LT (AL S @D %Iv1
ured sypuow 7| owdoosorede] L, (MM) 9T (MM 8S (€L)%6's8  1p<  AwwBing pue mm S8 1Y SPUBLIOYN  $T0T [91] reejoznopy
I0A0SSOI) [UEINIRIikig]
ured ddvl (6) %6
100 XSYUOW 1§ ordoosoreder] $'9T L9 16) %16 €< MM 00T aanoadsorg BUNUASIY  TTOT [¢1] eaepes
R
100 syuuow 9 UIR)SUANYOI] VIN 8'SFYPL (0v) %001  §L<  AwSmgpue mm O aanoadsorg AB 10T [z1] meq
UId)SusyodI]
ddVL/dAL S[eN
dn mofjo, wdy, Suog *SYIIOW 96 | ordoosorede| STFSHT 8'9FS'€9 (002) %001  0§<  A13ing pue MM ® 00T oandadsonoy  wniS[og / SPUBlRYRN €207 [S1] do uap uep
ey I2A0SS0I)
[BAIAING D3I JUSAT UI)SUdYDI']
100 ddVL/dHaL SN
ured syyuow 9¢ ordoosorede| LTF6YT €8FI'S9 (96¥) %001  0S<  AwR3mgpue MM 961 1O¥ wniS[ag / SPUB[OYION  L10T [81]9paoD ap apaon) dp
SN
dn mofjo,f wioy, Suog *SYIuou 06 V/IN VN %8 (811) %001  ss<  AwSmgpue mm 811 aAnoadsold N 10T [¢] Sunyd
ey I2A0SS0I)
([ESH 03 350D SN
ured XSUIIoW §°/ V/IN V/IN 8FHIL 091) %001  §§<  AwZmSpue MM 091 10¥ 3N 900C [11] 194m@.0 12AMd.0
e
Q1ey JOA0SSOID) WA, U0 syuow g0 | UI)SURIOIT 9EFEIT 8EIFH9S (#ST) %001 8I< MM PST aAnoadsorg epeue) /ySN €107 [cc] suoqqiszyy
swoydwAg eruIdy jo Surud
-SI0A\ 10 A103Ing 0} JOA0SSOID) SN
IPAI{ JeL) SONSLIdNORIEYD) SYIUOW 7 UIOISURIYOI'] YEFLST LEIFS9S (99€) %001 81< MM 99€ 10 sisAjeue pug epeue) /vsn  110T [12] 1soxes
mmEOBZO JLisE) )
-3uo] pue -110yS U0 (SYIUO JeIN
9<) Aejo( [BOISING JO 100[H syuout ;g ULRISUSNYIL] 9€FS 9T 6'E1FLS (€5€) %001  81<  AmlBmgpue mm  €5€ 1D sisA[eue pug epeue) / VSN L0OT [sz] uosdwoy,
SSOUIATIOJH-1S0) RIE A
ured sypuout ;g ULISUSNYIL] V/IN V/IN (1$9) %001~ 81<  AwSmgpue mm 149 10N sisA[eue pug epeue) / VSN 900T [¢Z] adnong
are) yum
UuonoRJSNeS (ANANOY snjejs
Teuonoun ‘suonesrjdwo) BRI
HOJUI0dsI(] / Ured sypuow g ULR)SUAYOI 9EFTIT PIFSLS (0TL) %001 ~ 8I<  AwZmMgpue MM  0TL 1Y epeue) /SN 9007 [€1] suoqqiSzyy SU0QqISZL
10A0 Fur
-$5010 10 S10)08) Fuisodsipald
AN[eMOIA / ANPIGION pajejar (SO %91
~IOA0SSO1)) {31y 19A0SSOL) *SYIUOW G| UroISueIYOI 9PF YT 8TFE8 (6T %8'€8  08<  AwBmgpue mm ST oAnvadsonay Aoy, 10T [o1] muwnyy
(@s ‘ueswr)
(sypuowr) R | (u) 9, orewo | By syuoned
SowooINQ / Wy dn mojjoq A103mg INg (s ‘ueawr) 98y (u) % dle]N  JoIn) uonuaAIu] Jo odAL Joeor usisoqg Aprig Anuno) Ie9X SOIUAIYNY 1oyo)

SOIPNJS POpNIoUI A} JO SONSLIAORILY) | d|qe)

pringer

As



(2026) 30:19

Hernia

Page 6 of 11

19

(UOLUSAISIU] DY) PIAISOSY JBY} SJUSNIEJ JO JOqUINN]) POZIWIOPULY SIUdLIE] JO JOQUINN
d1qeordde jou—:9[qe[reae J0N p/N

V/IN - 0 (9L %T9s (%8701 V/IN VIN VN 0 (%198 (%9t (%o Tl V/N  suosey JyiQ 03 anp AJ[eiioN
V/IN - 0 VIN (%T1D 1 0 0 VIN VN 0 V/IN 0 0 (%¥'S) ey 03 A1epuodas AjjeroN
Iredoy
V/IN - 0 (%I'9L V/N (%1 ¢ 0 V/IN 0 VIN (%S S VIN (%€ T (%) € [BOISINS IO}V S0ULINOSY
(%L 11) (%20 (%T1D 1
0 - 0 V/IN 0 V/IN 4 VIN 41 V/N V/IN V/N ewojewsy (%L °S7) 61 suonedridwo) aaneado-jsod
suonjeardwo)
0 - 0 V/N V/IN V/N V/IN V/IN 0 V/N V/N V/N V/N V/IN sAneIado-11a4/enu]
(%801 - 0 V/IN 0 (%) 11 0 (D1 0 0 VN 0 (%0 L 0 dn mof[oq Jo sso]
(%EY) (%) (%9°6) (%S) (%1) (%8°11)
014 e ved 0y €1y [ A 0y
JUALINOSY wounosy  (%LS6)  (%96) (%t'06)  (%001) IudLNODY womosy  (%S6)  (%66) (%T'88) (%001)
pepnpxy  W/N PIpnoxd Tt id LL:d e d L1:d POPOXA  V/N POpnpPXd  6bTd 6L:d 1z€:d LE1d 2Ny / Arewtig
(%91) (%9) (%s€1) (%8'11) (%1¢)  (%e€D) (%01) (%9°+1)
v:g  semsy s:dq 8y :d g 1€:d 7' seludy 8:q €s:d (%9¢)¢s:d
(%b8)  1ewrend  (%96) (%598) (%T'88) (%69)  (%L98) Temeng  (%06) (%t'68) (%t96)
%001 N V/N 17:0 Ppapnoxy sLn 80€:N1  SIN %00I:N 69:N €1:N1 papnxyg wn 1e:n €N [e1o)e[Ig 1O [EIS)E[IU[)
dn moqjog 1YY
VIN VN 0 VIN (%09 T  (%TD L V/IN V/IN VN V/IN VIN (%80 17 (%I1°S) LT V/IN ured yim syuened o Ioquinn
9¢ - ST veT  +(SL) 08 «(¥67) 95¢ L1 6 001 Sl 79t 08 +(6L7) ¥9¢ LET WY yo'd Ul sjusned Jo [ej0],
[o1] [91]
epz  [p1] [81] [11]  [g1]suoq lo1] repz  [pr] [81] [11]  [g1]suoq [or1]
- eAepeS [g1]mied 9pa0D sp 14mQ,0 -QI3z)1] InWnyy - eABpES T[] HEd 9pa0D dp 10Am,0 -z Iy

(8yL=N) A193mg

(LOOT=N) Sunrem [njyajem

(A1931ng "sa M A\ ) £301811S JUSUBAL AQ SIWIOINO PUB SINISLINORIRYD Judned JO MIIAIOAQ T d|qelL

pringer

As



Hernia (2026) 30:19 Page 7 of 11 19
) Risk of bias domains ) Risk of bias domains
DI [ b2 D3 D4 | D5 [ overall | DI | b2 | p3 [ p4 | D5 | D6 | D7 [overall
el © © ® ©® © O [nie e @ © © @ © O
) @ O © © © @ | ow
) 3| Patti2014
2 %)
e | @ @ © © © @
sz @ O © ®@ © © ® O
| @ O ® O ©® O .
Domains: ) Judgement
Domains: Judgement D1: Bias due to confounding.
D1: Bias arising from the randomization process. D2: Bias due to selection of participants. @ ciiical
D2: Bias due to deviations from intended intervention. = Some concerns D3: Bias in classification of interventions. ) @ serious
D3: Bias due to missing outcome data. . Low D4: Bias due to deviations from intended interventions.
D4: Bias in measurement of the outcome. D5: Bias due to missing data. - Moderate
D5: Bias in selection of the reported result. D6: Bias in measurement of outcomes. . Low
D7: Bias in selection of the reported result.
Bias arising from the randomization process [N ] Bias due to confounding [
: . ) ) ) T Bias due to selection of participants ]
Bias due to deviations from intended interventions Bias in classification of interventions
Bias due to missing outcome data [ Bias due to deviations from intended interventions |
Bias in measurement of the oucome NN Bias due to missing data |
o i Bias in measurement of outcomes [N ]
Bias in selection of the reported result [N Bias in selection of the reported result [
Overall riskof bios [N ] Overallriskof bias _ [ I
0% 25% 50% 75% 100% 0% 25% 50% L 100%
I B v [ vosrwors [l sroversc B crtcarsc

Fig.2 ROBINS-I qualitative assessment of the studies: A. Traffic-light plot. B. Summary Plot; ROB 2: C. Traffic-light plot; D. Summary Plot

The Physical Component Score was reported in three
studies (Fitzgibbons et al. [13], de Goede et al. 2017, and
Patti et al. [12]). However, follow-up durations were incon-
sistent—6 months in Patti, 3 months and 1 to 3 years in
de Goede, and 2 years in Fitzgibbons—contributing to con-
siderable heterogeneity. Although the Physical Component
Score is derived from four of the eight SF-36 domains, its
calculation requires individual patient-level data, which
were not available in the included studies. As only aggre-
gate scores were reported, secondary Physical Component
Score analyses could not be performed.

Cumulative Crossover to Surgery with 95% CI

Regarding overall quality of life, five studies assessed
this outcome. Two studies (O'Dwyer et al. [11] and Patti et
al. [12]) reported all eight SF-36 components. Three studies
used the EuroQoL-5D instrument; however, in one of them
(Sadava et al., 2022), QoL was assessed only in patients
who eventually crossed over to surgery, and not in those
who remained in the watchful waiting group.

Due to the heterogeneity in both pain and QoL assess-
ment methods, timepoints, and reporting formats, data
could not be pooled, and a formal meta-analysis was not
feasible.

Strata — Al

1.00.
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Cumulative % of Patients Undergoing Surgery
o
o
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Fig. 3 Cumulative proportion of patients undergoing surgery

209 207 166 123 74 52 42
6 7 8 9 10 11 12

@ Springer



19 Page 8 of 11

Hernia (2026) 30:19

Table 3 Crossover rate and reasons for crossover

Cohort Cross- Reasons for CO
over rate
% (N of
Patients)
Aktimur  54% (74)  66.2% Pain
[10] 33.8% Bowel Symptoms
Fitzgib- 55.5% 54.1% Pain
bons [22] (141) 3.3% Tired of having the hernia
2.4% Incarceration
4.1% Advised by doctor to have it repaired
0.8% Employer wanted hernia repaired
8.1% Other
30.9% Combination of reasons (including
increased pain)
Chung [4] 75.4% (46) 71.7% Pain
10.9% Increase hernia size
13% Affecting QoL
4.4% Acute Hernia Repair
Vonden  60.8% 38.2% Increased pain
Dop [15] (157) 41.4% Increased discomfort
6.4% Incarceration
13.4% Other reason
Patti [12]  6.6% (1)  6.7% Strangulation
Sadava 53% (53)  90.5% Pain
[14] 9.5% Volume Augmentation
Meuzelaar 10.2% (5) 20% Persisting Complaints
[16] 80% Palpable Inguinal Hernia during

Physical Examination

Discussion

Our study comprised a pooled cohort of 1,755 patients, with
1,007 managed under WW and 748 undergoing surgical
repairs. The vast majority of participants were male (97.4%).
Based on pooled Kaplan—Meier data, approximately 50%
of patients initially assigned to WW crossed over to surgi-
cal repair within 5 years, and this proportion increased to
over 96% with extended follow-up up to 12 years. The most
common reason for crossover was the development or wors-
ening of pain, highlighting pain as the primary driver for
eventual surgical intervention.

When comparing patients randomized to WW versus sur-
gery, O'Dwyer et al. [11] observed a greater improvement in
general health among those who underwent early surgical
intervention, which aligns with the results of Patti et al. [12],
which in their cohort, patients who underwent prompt herni-
oplasty experienced improvements across all eight domains
of the SF-36 questionnaire [11, 14]. de Goede et al. (2017)
also reported better QoL outcomes in the surgical group,
although, they concluded that the differences were too small
to be considered clinically meaningful and remained incon-
clusive regarding pain or discomfort after 24 months of fol-
low-up [15]. Notably, Meuzelaar et al. [16] found that while
pain scores favored surgery at three months, differences in
both pain and QoL were no longer evident at the 12-month

@ Springer

follow-up. Still, due to the premature termination of the study
during the COVID-19 pandemic, the required sample size
was not achieved, warranting cautious interpretation of these
findings [17]. Despite these findings, a formal meta-analysis
of recurrence, pain, and quality of life (QoL) outcomes was
not feasible due to substantial heterogeneity in study design
(RCTs vs retrospective observational), patient population,
assessment tools, follow-up periods, and reporting methods
across studies.

One of the major concerns with recommending the
WW approach is the risk of acute hernia complications
(e.g., incarceration or strangulation), as emergency surgery
is associated with a mortality rate up to ten times higher
than elective repair [10, 18-20]. In our analysis, six studies
reported acute operations among patients who crossed over
to surgical repair. Of all reported reasons for crossover, 8.5%
occur due to acute presentations — consistent with the esti-
mated 5—10% rate of emergency repair in the general popu-
lation with inguinal hernias [21]. Importantly, three of the
four studies in our review that reported mortality outcomes
documented no deaths. The only exception was Aktimur et
al. [10], which included frail elderly patients (>80 years)
with a high burden of comorbidities [10]. Among the three
long-term RCTs, no deaths were attributed to hernia compli-
cations. Additionally, these trials were conducted in the US,
UK, and Netherlands, suggesting that outcomes may differ
significantly when extrapolated to rural or low-resource
environments, where access to timely surgical care is often
limited [12, 18, 22]. Finally, it is essential to highlight that
these findings are based on a predominantly male popula-
tion—97.4% (1,709/1,755) of patients were men, and only
three studies included female participants. As such, the gen-
eralizability of these results to women is severely limited,
and the safety and effectiveness of the WW approach in
female patients with inguinal hernias remain unknown.

From a socioeconomic perspective, Stroupe et al. [23]
reported that patients undergoing early herniorrhaphy had
more hospitalization days than those managed with WW
during the initial 6 months of follow-up. This trend persisted
after 2 years, with patients from the surgical group incur-
ring a higher average total cost compared to WW patients
($7,875 vs. $6,044), resulting in an incremental cost of
$1,831. Despite the higher costs, prompt surgical repair was
associated with a modest increase in quality-adjusted life
years (QALY). While a cost per QALY of approximately
$50,000 is commonly cited as a threshold for determining
whether a medical intervention is cost-effective, the prob-
ability that surgical intervention met this threshold was only
40%, suggesting a 60% chance that it was not cost-effective
by conventional standards over the 2-year period [23]. Simi-
larly, O'Dwyer et al. evaluated cost-effectiveness and found
that there was no significant QALY gain at 12 months. They
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noted that early IH repair may not appear cost-effective in the
short term, but its value could increase with longer follow-
up, potentially favoring surgical intervention over time [11].

Beyond the cost-effectiveness considerations reported in
prior studies, our pooled analysis demonstrated that the WW
approach avoided surgery in 50% of patients within the first
five years. Identifying patient-specific factors that predict
CO to surgery could better guide shared decision-making
in this population. Sarosi et al. [24] investigated baseline
characteristics associated with an increased likelihood of
crossover [24]. They found that pain during strenuous activ-
ity at baseline was the strongest predictor of failure of WW.
Additional factors associated with higher crossover rates
included chronic constipation, prostatism (hypothesized to
reflect increased straining during defecation or urination),
being married (speculated to increase caregiver burden in
the WW approach), and being ASA I. The authors suggested
that healthier patients might be more inclined to opt for sur-
gery due to lower perceived surgical risk [24]. Similarly,
Aktimur et al. [10] emphasized that older adults may hesi-
tate to undergo elective procedures due to poorer general
health and a higher burden of comorbidities [10]. Fitzgib-
bons et al. (2013) found that patients aged 65 years or older
had a higher risk of crossover compared to younger patients
(79.3% vs. 62% after 10 years) [22]. Lastly, Van den Dop et
al. [15] reported that patients with mildly symptomatic TH
were not only more likely to cross over than those who were
asymptomatic, but also did so earlier, with 50% crossing
over within the first two years [12].These findings suggest
that pain may be a factor influencing surgical decision-mak-
ing. [13].

Our data demonstrate that patients who present to a
doctor due to symptoms of IH should be counseled about
their high likelihood of eventually requiring surgery [12,
22]. Early IH repair may offer benefits in select patients, as
crossover is often due to pain progression, and studies sug-
gested improvements in pain, QoL, and QALY with surgical
approach [6, 8, 11-13, 15]. For elderly patients, careful con-
sideration should be given to life expectancy. If the patient
is likely to live beyond 5 to 10 years, early herniorrhaphy
may reduce future surgical risk, as delayed interventions at
an advanced age are associated with higher rates of postop-
erative complications [18, 20]. However, it is also important
to recognize that older individuals may derive less improve-
ment in QoL from surgery compared to younger, more
active patients, making individualized risk—benefit assess-
ment essential [12].

It is important to acknowledge the limitations inherent to
our study. Substantial heterogeneity in study design, patient
populations, and outcome measurements limited our abil-
ity to perform formal comparisons across studies. Although
our pooled cohort included 1,755 patients, only 477 (27.1%)

were reported as having crossed over to surgery, making it
difficult to perform a robust analysis of predictors of cross-
over. Furthermore, two non-randomized studies in our anal-
ysis, Aktimur et al. [10] and Patti et al. [12], were judged to
have a critical overall risk of bias in the first domain of the
ROBINS-I tool, due to confounding. These limitations com-
promise the internal validity of both studies, as the observed
improvements in the surgical groups may partly reflect
baseline differences in health status, symptom perception,
or functional capacity, rather than the true effect of the inter-
vention alone. Therefore, while our findings suggest mean-
ingful trends, definitive conclusions could not be drawn.
Lastly, the study population was overwhelmingly male, the
applicability of these findings to women remains uncertain.

Conclusion

WW can be a viable and safe approach with low complica-
tions rates for male patients with asymptomatic and mildly
symptomatic inguinal hernias. However, most patients ulti-
mately progress to surgery over time—approximately 50%
within five years, and over 96% by twelve years. Patients
who experience pain during physical activity appear to
have a higher likelihood of crossover to surgery, and early
elective repair may be more appropriate in this subgroup.
Therefore, the decision between WW and early surgical
intervention should be guided by shared decision-making,
considering patient values, symptom burden, comorbidi-
ties, and life expectancy. Due to substantial heterogeneity
in study design, populations, and outcome reporting, defini-
tive conclusions could not be drawn, and generalizability to
female patients remains limited. All data analyzed during
this study are included in this published article.
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